In this paper, a floating-buoy wave energy converter using hydrostatic transmission system is studied. 
INTRODUCTION
With the development of science and technology, and the increase in the level of productivity, the human demand for energy grows daily thus causing the intense consumption of non-renewable energy, such as petroleum, natural gas and coal resources, and resources have become increasingly depleted [1] . Fossil energy consumption also caused a straight rise in carbon dioxide emissions. In order to ease the pressure on the energy crisis, it is imperative to carry out new energy research to develop and utilize clean energy [2] . It is urgent to establish an energy structure dominated by clean, renewable energy and gradually replace fossil fuel based energy structure. The utilization of renewable energy is related to human survival and the future of mankind [3] . Wave energy technology is a useful solution to solve energy and environmental issues. The hydraulic transmission is one of the important components [4] .
Wave energy power generation technology is through the wave energy absorption and conversion device to convert the wave energy into electric energy [5] . Marine technology is becoming outdated, which shows a good prospect for the full use of the ocean in the new century. But so far, the use of it also faces many challenges. The output of the ocean energy generator is unstable, and the change of the wave can cause the mechanical power of the energy absorbing mechanism to change. The output power of the generator then fluctuates and the power quality is reduced. Therefore, the improvement of the stability of the output power quality of the generator has become an important problem in wave power generation technology [6] .
Usage of the hydraulic drive system to replace the traditional mechanical transmission system can reduce the energy fluctuation caused by the irregular change of front end input [7] . The ability to control the hydraulic oil as the transmission medium is greater than gear boxes and other mechanical transmission device because it is a flexible medium, which easily realizes the stepless speed change to ensure generators to maintain in the vicinity of the synchronous speed to further improve the stability of power system.
At present, most wave energy converters use hydraulic energy transmission, so the hydraulic system has great promise in the research of wave energy converters [8] . A series of studies of hydraulic power take-off in different wave energy converter models have been conducted by Bjarte-Larsson and Falnes (2006) [9] , Hals et al. (2007) [10] , Yang et al. (2009) [11] and others. Yang, Hals and Moan [12] studied on a heavingbuoy wave energy converter equipped with a high-pressure hydraulic power take-off machine. The mathematical model was designed to investigate the wear damage in the hydraulic machine. Falcão [13] focused a study on oscillating-body wave energy converters with hydraulic power take-off and gas accumulator. The results show that the hydraulic system with accumulators can better transform the wave energy with a stable output power. However, there is no perfect solution to stabilize the output power [14] , and the comparison analysis of semi-physical experiment to simulation results is not fully expressed.
In this paper, study on the output pressure and voltage characteristics of power generation system and the response characteristics and stability of the energy conversion system with the effect of the accumulator. The first section introduces the working principle and the hydraulic transmission system of wave energy converter. The second section describes the construction of the AMESim simulation model based on the design principle, the simulation parameters are established by the theoretical calculation, and the simulation results show that the hydraulic system with accumulator can make the output power stable [15] .
In the third section, according to the simulation analysis results, the semi-physical experiments are carried out and compared with the simulation results. This paper further demonstrates that the accumulator can improve the power output characteristics of the machine greatly, and the correct configuration parameter of storage can improve the stability and rapidity of output energy [16] . Fig. 1 is the new type of wave energy power generation device. The device adopts the hydraulic transmission system, which can convert the unstable wave energy into a stable power output. This paper takes the hydraulic conversion system as the research object, which is the core technology used in the wave energy power generation system.
WORK PRINCIPLE AND COMPOSITION OF WAVE ENERGY CONVERTER
The whole wave energy generating device is composed of a wave energy collection system, hydraulic transmission system, energy storage system, power output and data acquisition system. Fig. 2 is the schematic diagram of floating wave power generation device.
The wave energy collection system can convert the wave energy into mechanical energy of float. The movement of float can convert the mechanical energy to hydraulic energy, which travels through the hydraulic system and drives the motor to rotate, thus driving the generator to work and output power stably. 
HYDRAULIC TRANSMISSION PRINCIPLE
The hydraulic drive system is the most important part in ensuring the output power of device, which can buffer the impact of the irregular wave energy. Fig. 3 is the working principle diagram of the hydraulic transmission system through the hydraulic cylinder of double rod to improve the output efficiency of hydraulic transmission system. It can ensure that the hydraulic energy discharges continuously whether the float movement is upward or downward. The hydraulic rectification module is composed of the one-way valve to ensure that the hydraulic output is in the same direction, so that the motor rotates in the same direction always. By matching 
SIMULATION AND ANALYSIS THE ESTABLISHMENT OF MODEL

VALIDATION OF SIMULATION MODEL
The simulation system is operated to verify whether the built simulation model is correct. Fig. 5 is the error contrast between the actual motion curve and the desired curve. 
THE SIMULATION ANALYSIS OF ACCUMULATOR
The accumulator has the effect of peak clipping and valley filling in hydraulic transmission systems, and it can cushion the impact of irregular wave energy, as well as guarantee the stability of hydraulic transmission. It plays a key role in stabilizing the output power of the system [17] .First, to explore the working state effect of the accumulator parameters for the system, a mathematic model of the accumulator is built, and the bottom area of wallet is a A . The quality of the oil into the oil chamber is a m . Ignore the elastic modulus of hydraulic oil the force analysis equation of hydraulic oil in the oil chamber is [18] : By applying derivation to point ( ) 1 1 , P V in Eq. 2 and omitting the higher order terms one can get:
The hydraulic oil flow rate of accumulator inlet valve is: Replace q 4 in Eq. 5 using Eq. 4, then substitute into Eq. 1 to form the Laplace transform:
If the flow of accumulator inlet valve is q , the oil cavity fluid changes and storage volume change can be calculated from Eq. (7):
Then:
After making Eq. (8) Laplace transformation then brings into Eq. (6) one can obtain the mathematical model of accumulator by gas chamber volume as the output: where n ω is the undamped natural frequency of accumulator, ζ is the gas -oil equivalent damping ratio of accumulator. We can see that the performance of the hydraulic accumulator is associated with the cross section area of circle, air pressure, and air volume [19] . In order to further explore what role the accumulator plays in the wave power hydraulic transmission system and the influence of its main parameters on the stability and rapidity of the system, we carry out the concrete analysis through the AMESim simulation model [20] .
When the gas pressure of the accumulator is 10 MPa, the gas volume is 40 L then run the simulation model. Fig. 6 is the motor outlet pressure simulation curves when the accumulator is open and closed. Fig. 6 suggests when the accumulator is open, the establishing time of motor output port pressure is 1.8 s, the peak pressure is 13 MPa. After 5 s the output pressure stabilized at about 12 MPa, the output pressure of the motor is relatively stable, thus ensuring the stability of synchronous generator output power.
Fig. 6. Outlet pressure curve of motor when accumulator is open or closed
When the accumulator is turned off, the system pressure is created after 0.8 s and the peak pressure is 14 MPa, then the oil pressure continued to decrease rapidly and reduced to 3.9 MPa at 2 s, when the time is 3.5 s the pressure is raised to 14 MPa again, and at 4 s the pressure will be zero, this process cycle is a continuous operation. The maximum pressure fluctuation difference is 14 MPa, the output pressure is not stable, and it will cause difficulty to the subsequent power handling progress.
Through comparative analysis of simulation curves one can get the accumulator can absorb the impact pressure in the system effectively and keep the pressure of hydraulic system stable. It plays an obvious role in hydraulic transmission systems. But the existence of the accumulator also reduces the system response speed and decreases the peak. Therefore, the reasonable matching of accumulator parameters to improve the rapidity and stability of the system is the key of the study. The air pressure and air volume is the main parameters of accumulator. Next, we will make the specific analysis about their influence on the work state of system.
PRESSURE OF ACCUMULATOR INFLUENCE ON THE SYSTEM
The volume of the accumulator is set at 40 L, and the working pressure is 8, 10, 11, 13 MPa, respectively. The output pressure curve of motor is shown in Fig. 7 after running the simulation model. Fig. 7 suggests when the inflation pressure of accumulator is too small at 8 MPa, the peak pressure of motor is greater than 17 MPa, and the response time is 3 s. When the air pressure in accumulator is 13 MPa, the response time of system is 0.8 s, but the impact pressure is shocked evidently. When the pressure of accumulator is 10 MPa or 11 MPa, the response time is 1.8 s and the output pressure of system is relatively stable, remaining at about 12.4 MPa. The simulation results show that when the filling pressure is 80% or 90% of the actual working pressure, the rapidity and stability of system output is better.
VOLUME OF ACCUMULATOR INFLUENCE ON THE SYSTEM
The setting of the accumulator pressure is 10 MPa and the inflatable volume is 10, 20, and 40, 60 L, respectively. Fig. 8 shows the output pressure curve after running the simulation model. Fig. 8 suggests when the charging volume of accumulator is 10 L or 20 L; the response time is 1.5 s and 1.7 s, respectively. The peak pressure of system is 7 MPa and 15 MPa. When the charging volume of accumulator is 60 L, the peak pressure is 12.7 MPa, then the buffer effect for system is obvious, but the response time becomes slower for 2 s. When the gas volume is 40 L, the buffer effect for system is medium and the maximum pressure is 13.2 MPa, the response time is 1.8 s. The simulation results show: when accumulator aeration volume is too small, the buffer effect is reduced, the pressure output volatility is obvious; if the inflatable volume is too large the system response will become slow, the cost will increase and the occupied space becomes large.
EXPERIMENTAL RESULT AND ANALYSIS
CONSTRUCTION OF EXPERIMENTAL APPARATUS
For experimental study of the performance of each component and how the settings parameter will bring the influence on the work state of system, setup of the land test bench is shown in Fig. 9 : Using the hoist to pull the float along with the buoy moves up and down to simulate the movement of float which acted on by the vertical wave forces. Then the hydraulic energy can be transferred and the system could output power finally. Fig. 10 is the main part of hydraulic transmission system and data acquisition system, the PC software can collect the real-time data of float displacement, the outlet pressure of motor, the output voltage, and the current parameters of generator. It provides the reference for further analysis and design optimization of the system. . 12 is the motor output pressure and generator output voltage curve when the accumulator is turned off. In this case, the fluctuations of output pressure and voltage curves are obvious and its value is discontinuous. The maximum pressure difference is 14 MPa, and the maximum voltage difference is 300 V. The output peak is greater than the condition of accumulator is open; it is identical with the simulation results. When the accumulator is closed, after the float stopping movement, the generator can continue to run 1 s under the force of inertia then stopped immediately. When the accumulator is open, after the float stopping movement, the generator will still continue to generate electricity for about 10 s, thus ensure the continuity of electricity output. 
CONCLUSIONS
1. The changing trends of experimental data curves and simulation curves are consistent, verifying that the design principle of hydraulic drive system is feasible and the built of simulation model is correct. The study on the hydraulic transmission systems of wave energy converter clarifies the impact of accumulator on the power production. It provides a reliable reference for further optimization. 2. By analyzing the simulation curves and experimental data curves one can obtain that the accumulator plays an enormous role in relieving the pressure impact of system and the correct configuration of accumulator parameters can improve the rapidity and stability of the system work.
